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(57) Abstract- Pulp fibers can be treated with chemical additives with a minimal amount of unretained chemical additives present 
later in the process water. The present invention is a method for preparing chemically treated pulp fiber. A fiber slurry is created 
comprising process water and pulp fibers. The fiber slurry is transported to a web-forming apparatus of apulp sheet machme thereby 
forming a wet fibrous web. The wet fibrous web is dried to a predetermined consistency thereby forming a dried fibrous web. The 
dried fibrous web is treated with a chemical additive thereby forming a chemically treated dried fibrous web. The dned fibrous web 
contains chemically treated pulp fibers. The chemically treated pulp fibers retain from between about 10 to about 100 percent of the 
applied amount of the chemical additive when the chemically treated pulp fibers are redispersed in water. 
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1/IETHOD FOR APPLYING CHEMICAL ADDITIVES TO PULP DURING THE PULP 
PROCESSING AND PRODUCTS MADE BY SAID METHOD 

BACKGROUND OF THE INVENTION 

In the manufacture of paper products, it is often desirable to enhance physical 
and/or optical properties by the addition of chemical additives. Typically, chemical 
additives such as softeners, colorants, brighteners, strength agents, etc. are added to the 
fiber slurry upstream of the headbox in a paper making machine during the manufacturing 
5 or converting stages of production to impart certain attributes to the finished product. 
These chemical additives are usually mixed in a stock chest or stock line where the fiber 
slurry has a fiber consistency of from between about 0.15 to about 5 percent or spraying 
the wet or dry paper or tissue during production. 

10 One disadvantage of adding a chemical additive at each paper machine is that the 

manufacturer has to install equipment on each paper machine to accomplish the chemical 
additive addition. This, in many cases, is a costly proposition. In addition, the uniformity 
of the finished product coming off of each paper machine may vary depending upon how 
the chemical additive was added, variations in chemical additive uniformity and 

15 concentrations, the exact point of chemical additive introduction, water chemistry 

differences among the paper machines as well as personnel and operational differences 
of each paper machine. 

Another difficulty associated with wet end chemical additive addition is that the 
20 water soluble or water dispersible chemical additives are suspended in water and are not 
completely adsorbed or retained onto the fibers prior to formation of the wet mat To 
improve adsorption of wet end chemical additives, the chemical additives are often 
modified with functional groups to impart an electrical charge when in water. The 
electrokinetic attraction between charged chemical additives and the anionically charged 
25 fiber surfaces aids in the deposition and retention of chemical additives onto the fibers. 
< Nevertheless, the amount of the chemical additive that can be adsorbed or retained in the 

1 





; p^jjfer machine wet end generally follows an adsorption curve exhibiting diminishing 
ir||emental adsorption with increasing concentration, similar to that described by 
Lalgmuir. As a result, the adsorption of water soluble or water dispersible chemical 
adltives may be significantly less than 100 percent, particularly when trying to achieve 
high chemical additive loading levels. 



5 



Consequently, at any chemical addition level, and particularly at high addition 
levels, a fraction of the chemical additive is retained on the fiber surface. The remaining 
fraction of the chemical additive remains dissolved or dispersed in the suspending water 

10 phase. These unadsorbed or unretained chemical additives can cause a number of 
problems in the papermaking process. The exact nature of the chemical additive will 
! determine the specific problems that may arise, but a partial list of problems that may 
result from unadsorbed or unretained chemical additives includes: foam, deposits, 
contamination of other fiber streams, poor fiber retention on the machine, compromised 

1 5 chemical layer purity in multi-layer products, dissolved solids build-up in the water system, 
interactions with other process chemicals, felt or fabric plugging, excessive adhesion or 
release on dryer surfaces, physical property variability in the finished product 



Therefore, what is lacking and needed in the art is a metood for applying chemical 



20 additives onto pulp fiber surfaces in the initial or primary pulp processing, providing more 
consistent chemical additive additions to the pulp fiber and a reduction or elimination of 
unretained chemical additives in the process water on a paper machine. The method 
minimizes the associated manufacturing and finished product quality problems that would 
otherwise occur with conventional wet end chemical addition at the paper machine. 



It has now been discovered that chemical additives can be applied to pulp fibers at 
30 high and/or consistent levels with at most a minimal amount of unretained chemical 

additives present in the papermaking process water after the treated pulp fiber has been 
redispersed in water. This is accomplished by treating a fibrous web prior to the finishing 
operation at a pulp mill with a chemical additive, completing the finishing operation, 



25 



SUMMARY OF THE INVENTION 
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rellbersing the finished pulp at the paper mill and using theflnished pulp in the 

.vfsr 

' orbduction of a paper product. 

■ . 

<|p 

§f Hence in one aspect, the invention resides in a method for applying chemical 
5 aqlftives to the pulp fibers. The method comprises creating a fiber slurry comprising 
wJter and pulp fibers. The fiber slurry is formed into a wet fibrous web using a web 
forming apparatus. The wet fibrous web is dewatered to a predetermined consistency, 
thereby forming a dewatered fibrous Web. A chemical additive is applied to the dewatered 
fibrous web, thereby forming a chemically treated dewatered fibrous web. In other 
1 0 embodiments of the present invention, the process may include further dewatering of the 
dewatered fibrous web, thereby forming a crumb-form before or after the application of 
the chemical additive. The chemically treated dewatered fibrous web contains chemically 
treated pulp fibers that have retained from between about 10 to about 100 percent of the 
applied amount of the chemical additive when the chemically treated pulp fibers are 
1 5 redispersed in water. The chemically treated pulp fiber is the'n used in a separate process 
to produce paper product. 

In another aspect, the invention resides in a method for applying chemical 
additives to the pulp fibers. The method comprises creating a fiber slurry comprising 

20 water and pulp fibers. The fiber slurry is formed Into a wet fibrous web using a web 
forming apparatus. The wet fibrous web is dewatered to a predetermined consistency, 
thereby forming a dewatered fibrous web. In other embodiments of the present invention, 
the process may include further dewatering of the dewatered fibrous web, thereby forming 
a crumb-form. The dewatered fibrous web is dried to a predetermined consistency, , 

25 thereby forming a dried fibrous web. A chemical additive is applied to the dried fibrous 
web, thereby forming a chemically treated dried fibrous web. The chemically treated dried 
fibrous web contains chemically treated pulp fibers that have retained from between about 
10 to about 100 percent of the applied amount of the chemical additive when the 
chemically treated pulp fibers are redispersed in water. The chemically treated pulp fiber 

30 is then used in a separate process to produce paper product. 

According to another embodiment of the present invention is a method for applying 
a chemical additive to the pulp fiber during the pulp processing stage. During the pulp 
processing stage, upstream of a paper machine, one can obtain chemically treated pulp 
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fiblr. Furthermore, the chemically treated pulp fiber can be transported to several 

w 

different paper machines that may be located at various sites, and the quality of the 
finihed product from each paper machine will be more consistent. Also, by chemically 
treiting the pulp fiber before the pulp fiber is made available for use on multiple paper 
5 machines or multiple runs on a paper machine, the need to install equipment at each 
paper machine for the chemical additive addition can be eliminated. 

The term "unretained" refers to any portion of the chemical additive that is not 
retained by the pulp fiber and thus remains suspended in the process water. The term 

1 0 "web-forming apparatus" includes fourdrinier former, twin wire former, cylinder machine, 
press former, crescent former, and the like used in the pulp stage known to those skilled 
in the art. The term "water" refers to water or a solution containing water and other 
treatment additives desired in the papermaking process. The term "chemical additive" 
refers to a single treatment compound or to a mixture of treatment compounds. It is also 

15 understood that a chemical additive used in the present invention may be an adsorbable 
chemical additive. 

The consistency of the dried fibrous web is from about 65 to about 100 percent. In 
other embodiments, the consistency of the dried fibrous web'is from about 80 to about 

20 1 00 percent or from about 85 to about 95 percent. The consistency of the dewatered 
fibrous web is from about 20 to about 65 percent. In other embodiments, the consistency 
of the dewatered fibrous web is from about 40 to about 65 percent or from about 50 to 
about 65 percent. The consistency of the crumb form is from about 30 to about 85 
percent. In other embodiments, the consistency of the crumb form is from about 30 to 

25 about 60 percent or from about 30 to about 45 percent. 

The present method allows for the production of pulp fibers that are useful for 
making paper products. One aspect of the present invention is a uniform supply of , 
chemically treated pulp fiber, replacing the need for costly and variable chemical 
30 treatments at one or more paper machines. 

In another embodiment, the chemically treated pulp fiber slurry of the present 
invention comprises process water and having an applied chemical additive retained by 
the pulp fibers. The amount of chemical additive retained by the chemically treated pulp 

4 
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fibfrs is about 0.1 kilogram per metric ton or greater. In particularly desirable 
embodiments, the amount of retained chemical additive is about 0.5 kg/metric ton or 
g rllter, particularly about 1 kg/metric ton or greater, and more particularly about 2 
kgfnetric ton or greater. Once the chemically treated pulp fibers are redispersed at the 
5 pi|er machine, the amount of unretained chemical additive in the process water phase is 
belveen 0 and about 50 percent, particularly between 0 and about 30 percent, and more 
paticularly between 0 and about 10 percent, of the amount of chemical additive retained 
by the pulp fibers. 

1 o According to one embodiment of the present invention, the method for adding a 

chemical additive to pulp fiber comprises creating a fiber slurry. The fiber slurry 
comprises water and pulp fibers. The fiber slurry is passed to a web-forming apparatus of 
a pulp sheet machine where a wet fibrous web is formed from the fiber slurry. The wet 
fibrous web is dewatered to a predetermined consistency, thereby forming a dewatered 

1 5 fibrous web. The dewatered fibrous web is dried to a predetermined consistency, thereby 
forming a dried fibrous web. A chemical additive is then applied to the dried fibrous web. 
The resulting chemically treated dried fibrous web contains chemically treated pulp fibers 
that have retained from between about 10 to about 100 percent of the applied amount of 
the chemical additive when the chemically treated pulp fibers are redispersed in water. 

20 The chemically treated dried fibrous web may be transported to a paper machine. The 
chemically treated dried fibrous web is mixed with process water to form a chemically 
treated pulp fiber slurry. The chemically treated pulp fiber slurry contains the fibers having 
the chemical additive secured thereto or retained thereby. Afinished product having 
enhanced quality due to the retention of the chemical additive by the chemically treated 

25 pulp fibers may be produced from the chemically treated pulp fiber slurry. 

Another aspect of the present invention resides in a method for making chemically 
treated paper products. The method comprising mixing pulp fibers with water to form a 
fiber slurry. The fiber slurry is formed into a wet fibrous web. This may be accomplished 
30 in a web-forming apparatus of a pulp sheet machine. The wet fibrous web may be 

dewatered to a predetermined consistency, thereby forming a dewatered fibrous web. A 
chemical additive is then applied to the dewatered fibrous web. The resulting chemically 
treated dewatered fibrous web contains chemically treated pulp fibers that have retained 
from between about 10 to about 100 percent of the applied amount of the chemical 
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additive when the chemically treated pulp fibers are redispersed in water The chemically 
treated pulp fibers, as a chemically treated dewatered fibrous web, may be transported or 
ojlrwise delivered to one or more paper machines. The chemically treated pulp fiber, as 
afhemically treated dewatered fibrous web, is mixed with process water to form a 
djmically treated pulp fiber slurry. The chemically treated pulp fiber slurry contains the 
chemically treated pulp fibers having the chemical additive secured thereto or retained 
thereby. A finished product having enhanced qualities due to the retention of the 
chemical additive by the chemically treated pulp fibers may be produced. 

Another aspect of the present invention resides in a method for making chemically 
treated paper products. The method comprising mixing pulp fibers with water to form a 
fiber slurry. The fiber slurry is formed into a wet fibrous web. This may be accomplished 
in a web-forming apparatus of a pulp sheet machine. The wet fibrous web may be 
dewatered to a predetermined consistency, thereby forming a dewatered fibrous web. A 
chemical additive is then applied to the dewatered fibrous web, thereby forming a 
- chemically treated dewatered fibrous web. The resulting chemically treated dewatered 
fibrous web contains chemically treated pulp fibers that have retained from between about 
10 to about 100 percent of the applied amount of the chemical additive when the 
chemically treated pulp fibers are redispersed in water. The chemically treated dewatered 
fibrous web is dried to a predetermined consistency, thereby forming a chemically treated 
dried fibrous web. The resulting chemically treated dried fibrous web contains chemically 
treated pulp fibers that have retained from between about 10 to about 100 percent of the 
applied amount of the chemical additive when the chemically treated pulp fibers are 
redispersed in water. The chemically treated pulp fibers, as a chemically treated dried 
fibrous web, may be transported or otherwise delivered to one or more paper machines. 
The chemically treated pulp fiber, as a chemically treated dried fibrous web, is mixed with 
process water to form a chemically treated pulp fiber slurry. The chemically treated pulp 
fiber slurry contains the chemically treated pulp fibers having the chemical additive 
secured thereto or retained thereby. A finished product having enhanced qualities due to 
the retention of the chemical additive by the chemically treated pulp fibers may be 
produced. 

Another aspect of the present invention resides in a method for making chemically 
treated paper products. The method comprising mixing pulp fibers with water to form a 
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' fibir slurry. The fiber slurry is formed into a wet fibrous web. This may be accomplished 
in | web-forming apparatus of a pulp sheet machine. The wet fibrous web may be 
defatered to a predetermined consistency, thereby forming a dewatered fibrous web. 
The dewatered fibrous web is dried to a predetermined consistency, thereby forming a 

5 dried fibrous web. A chemical additive is then applied to the dried fibrous web. The 
resulting chemically treated dried fibrous web contains chemically treated pulp fibers that 
haj/e retained from between about 10 to about 100 percent of the applied amount of the 
chemical additive when the chemically treated pulp fibers are redispersed in water. The 
chemically treated pulp fibers, as a chemically treated dried fibrous web, may be 

1 0 transported or otherwise delivered to one or more paper machines. The chemically 

treated pulp fiber, as a chemically treated dried fibrous web, is mixed with process water 
to form a chemically treated pulp fiber slurry. The chemically treated pulp fiber slurry 
containing the chemically treated pulp fibers having the chemical additive secured thereto 
or retained thereby. A finished product having enhanced qualities due to the retention of 

15 the chemical additive by the chemically treated pulp fibers may be produced. 

Another aspect of the present invention resides in a method for making chemically 
treated finished paper or tissue products. The method comprising mixing pulp fibers with 
water to form a fiber slurry. The fiber slurry is formed into a wet fibrous web. This may be 

20 accomplished in a web-forming apparatus of a pulp sheet machine. The wet fibrous web 
may be dewatered to a predetermined consistency, thereby forming a dewatered fibrous 
web. A chemical additive is applied to the dewatered fibrous web, thereby forming a 
chemically treated dewatered fibrous web. In other embodiments, the dewatered fibrous 
web may be processed to a wet lap or processed to a crumb form before or after the 

25 application of the chemical additive. The resulting chemically treated pulp fiber contains 
chemically treated pulp fibers that have retained from between about 1 0 to about 1 00 
percent of the applied amount of the chemical additive when the chemically treated pulp 
fibers are redispersed in Water. The chemically treated dewatered fibrous web, once 
treated with the chemical additive, may be transported or otherwise delivered to one or 

30 more paper machines in the chemically treated form of a dewatered fibrous web, a dried 
fibrous web, a wet lap, or a crumb form. The chemically treated pulp fiber, as a wet 
fibrous web, a wet lap, or a crumb form, is mixed with process water to form a chemically 
treated pulp fiber slurry. The chemically treated pulp fiber slurry contains the chemically 
treated pulp fibers having the chemical additive secured thereto. A finished product 
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haying enhanced qualities due to the retention of the chemical additive by the chemically 

treated pulp fibers is produced. 

1 • ' 

f Another aspect of the present invention resides in a method for making chemically 

5 treited finished paper or tissue products. The method comprising mixing pulp fibers with 
water to form a fiber slurry. The fiber slurry is formed into a wet fibrous web. This may be 
ac|omplished in a web-forming apparatus of a pulp sheet machine. The wet fibrous web 
may be dewatered to a predetermined consistency, thereby forming a dewatered fibrous 
web. A chemical additive is applied to the dewatered fibrous web, thereby forming a 

10 chemically treated dewatered fibrous web. In other embodiments, the dewatered fibrous 
web may be processed to a wet lap or processed to a crumb form before or after the 
application of the chemical additive. The resulting chemically treated pulp fiber contains 
chemically treated pulp fibers that have retained from between about 10 to about 100 
percent of the applied amount of the chemical additive when the chemically treated pulp 

15 fibers are redispersed in water. The chemically treated dewatered fibrous web is dried to 
a predetermined consistency, thereby forming a chemically treated dried fibrous web. 
The resulting chemically treated dried fibrous web contains chemically treated pulp fibers 
that have retained from between about 10 to about 100 percent of the applied amount of 
the chemical additive when the chemically treated pulp fibers are redispersed in water. 

20 The dried fibrous web, once treated with the chemical additive, may be transported or 
otherwise delivered to one or more paper machines in the chemically treated form of a 
dried fibrous web. The chemically treated pulp fiber, as a chemically treated dried fibrous 
web, is mixed with process water to form a chemically treated pulp fiber slurry. The 
chemically treated pulp fiber slurry contains the chemically treated pulp fibers having the 

25 chemical additive secured thereto. A finished product having enhanced qualities due to 
the retention of the chemical additive by the chemically treated pulp fibers is produced. 

Another aspect of the present invention resides in a method for making chemically 
treated finished paper or tissue products. The method comprising mixing pulp fibers with 
30 water to form a fiber slurry. The fiber slurry is formed into a wet fibrous web. This may be 
accomplished in a web-forming apparatus of a pulp sheet machine. The wet fibrous web 
is dewatered to a predetermined consistency, thereby forming a dewatered fibrous web. 
The dewatered fibrous web is dried to a predetermined consistency, thereby forming a 
dried fibrous web. A chemical additive is applied to the dried fibrous web, thereby forming 
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a chemically treated dried fibrous web. In other embodiments, the dewatered fibrous web 
ms| be processed to a wet lap or processed to a crumb form before or after the 
application of the chemical additive. The resulting chemically treated pulp fiber contains 
chfmically treated pulp fibers that have retained from between about 10 to about 100 
5 pel-cent of the applied amount of the chemical additive when the chemically treated pulp 
fibers are redispersed in water. The chemically treated dried fibrous web, once treated 
wrth the chemical additive, may be transported or otherwise delivered to one or more 
paper machines in the chemically treated form of a dried fibrous web, a dried fibrous web, 
a wet lap, or a crumb form. The chemically treated pulp fiber, as a wet fibrous web, a wet 
10 lap, or a crumb form, is mixed with process water to form a chemically treated pulp fiber 
slurry. The chemically treated pulp fiber slurry contains the chemically treated pulp fibers 
having the chemical additive secured thereto. A finished product having enhanced 
qualities due to the retention of the chemical additive by the chemically treated pulp fibers 
is produced. 

15 

Another aspect of the present invention resides in a method for making chemically 
treated paper products. The method comprises creating a fiber slurry comprising water 
and pulp fibers. The fiber slurry is formed into a wet fibrous web. This may be 
accomplished in a web-forming apparatus of a puip sheet machine. The wet fibrous web 

20 may be dewatered to a predetermined consistency, thereby forming a dewatered fibrous 
web. In other embodiments, the pulp fiber may be processed to a wet lap or processed to 
a crumb form. A first chemical additive is applied to the dewatered fibrous web. At least a 
second chemical additive may be applied to the dewatered fibrous web, thereby forming a 
multi-chemically treated dewatered fibrous web. The second chemical additive may be 

25 added simultaneously with the first chemical additive or at different times or points of the 
pulp processing stage. The multi-chemically treated dewatered fibrous web, containing 
the first and second chemical additives, may be further dried to a predetermined 
consistency, thereby forming a chemically treated dried fibrous web. The resulting 
chemically treated dried fibrous web may have from about 10 to about 100 percent 

30 retention of the applied first and second chemical additives. The resulting chemically 

treated pulp fibers contains chemically treated pulp fibers that have retained from between 
about 1 0 to about 1 00 percent of the applied amount of at least each of the first and 
second chemical additives when the chemically treated pulp fibers are redispersed in 
water. The chemically treated pulp fibers, as a multi-chemically treated dried fibrous web 
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or as a multi-chemically treated dewatered fibrous web, are transported or otherwise 
dcjfyered to one or more paper machines. The chemically treated pulp fiber, as a 
chemically treated dried fibrous web or a chemically treated dewatered fibrous web, are 
mied with process water to form a chemically treated pulp fiber slurry. The chemically 
5 treated pulp fiber slurry contains the chemically treated pulp fibers having the chemical 
additives secured thereto. A finished product having enhanced qualities due to the 
retention of the chemical additives by the chemically treated pulp fibers may be produced. 

Another aspect of the present invention resides in a method for making chemically 

10 treated paper products. The method comprises creating a fiber slurry comprising water 
and pulp fibers. The fiber slurry is formed into a wet fibrous web. This may be 
accomplished in a web-forming apparatus of a pulp sheet machine. The wet fibrous web 
may be dewatered to a predetermined consistency, thereby forming a dewatered fibrous 
web. The dewatered fibrous web may be dried to a predetermined consistency, thereby 

1 5 forming a dried fibrous web. In other embodiments, the pulp fiber may be processed to a 
wet lap or processed to a crumb form. A first chemical additive is applied to the dried 
fibrous web. At least a second chemical additive may be applied to the dried fibrous web, 
thereby forming a multi-chemically treated dried fibrous web. The second chemical 
additives may be added simultaneously with the first chemical additives or at different 

20 times or points of the pulp processing. The resulting chemically treated dried fibrous web 
contains chemically treated pulp fibers that have retained from between about 10 to about 
100 percent of the applied amount of at least each of the first and second chemical 
additives when the chemically treated pulp fibers are redispersed in water. The 
chemically treated pulp fibers, as a multi-chemically treated dried fibrous web, are 

25 transported or otherwise delivered to one or more paper machines. The chemically 
treated pulp fibers, as a chemically treated dried fibrous web, are mixed with process 
water to form a chemically treated pulp fiber slurry. The chemically treated pulp fiber 
slurry contains the chemically treated pulp fibers having the chemical additives secured 
thereto. A finished product having enhanced qualities due to the retention of the chemical 

30 additives by the chemically treated pulp fibers may be produced. 

The present invention is particularly useful for adding chemical additives such as 
softening agents to the pulp fibers, allowing for the less problematic and lower cost 
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pjfluction of finished products having enhanced qualities provided by the retained 
clinical additives by the pulp fibers. 

11 ■ 

ll Hence t another aspect of the present invention resides in paper products formed 

5 from pulp fibers that have been chemically treated to minimize the amount of residual, 

1$f 

ulretained chemical additives in the process water on a paper machine. The term "paper" 
isflsed herein to broadly include writing, printing, wrapping, sanitary, and industrial 
papers, newsprint, linerboard, tissue, bath tissue, facial tissue, napkins, wipers, wet 
wipes, towels, absorbent pads, intake webs in absorbent articles such as diapers, bed 

10 pads, meat and poultry pads, feminine care pads, and the like made in accordance with 
* any conventional process for the production of such products. With regard to the use of 
the term "paper" as used herein includes any fibrous web containing cellulosic fibers alone 
or in combination with other fibers, natural or synthetic. It can be layered or unlayered, 
creped or uncreped, and can consist of a single ply or multiple plies. In addition, the 

15 paper or tissue web can contain reinforcing fibers for integrity and strength. 

t The term "softening agent" refers to any chemical additive that can be incorporated 
into paper products such as tissue to provide improved tactile feel and reduce paper 
stiffness. A softening agent may be selected from the group consisting of quaternary 

20 arhmonium compounds, quatemized protein compounds, phospholipids, polysiloxane 
compounds, quatemized, hydrolyzed wheat protein/dimethicone phosphocopolyol 
copolymer, organoreactive polysilxanes, polyhydroxy compounds, and silicone glycols. 
These chemical additives can also act to reduce paper stiffness or can act solely to 
improve the surface characteristics of tissue, such as by reducing the coefficient of friction 

25 between the tissue surface and the hand. 

The term "dye" refers to any chemical that can be incorporated into paper 
products, such as bathroom tissue, facial tissue, paper towels, and napkins, to impart a 
color. Depending on the nature of the chemical, dyes may be classified as acid dyes, 
30 b^sic dyes, direct dyes, cellulose reactive dyes, or pigments. All classifications are 
suitable for use in conjunction with the present invention. 

The term "polyhydroxy compounds" refers to compounds selected from the group 
consisting of glycerol, sorbitols, polyglycerols having a weight average molecular weight of 
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frcfi about 150 to about 800, polyoxyethylene glycols and polyoxypropylene glycols 
ha|ng a weight average molecular weight from typically about 200 to about 10,000, more 

ty|cally about 200 to about 4,000. 

f 

5 The term "water soluble" refers to solids or liquids that will form a solution in water, 

and the term "water dispersible" refers to solids or liquids of colloidal size or larger that 
can be dispersed into an aqueous medium. 

The term "bonding agent" refers to any chemical that can be incorporated into 
10 tissue to increase or enhance the level of interfiber or intrafiber bonding in the sheet. The 
increased bonding can be either ionic, Hydrogen or covalent in nature. It is understood 
that a bonding agent refers to both dry and wet strength enhancing chemical additives. 

The method for applying chemical additives to the pulp fibers may be used in a 
15 wide variety of pulp finishing processing, including dry lap pulp, wet lap pulp, crumb pulp, 
and flash dried pulp operations. By way of illustration, various pulp finishing processes 
(also referred to as pulp processing) are disclosed in Pulp and Paper Manufacture; The 
Pulping of Wood . 2 nd Ed., Volume 1, Chapter 12. Ronald G. MacDonald, editor, which is 
incorporated by reference. Various methods may be used to apply the chemical additives 
20 in the present invention, including, but not limited to: spraying, coating, foaming, printing, 
size pressing, or any other method known in the art. 

In addition, in situations where more than one chemical additive is to be employed, 
the chemical additives may be added to the fibrous web in sequence to reduce 
25 interactions between the chemical additives. 

Many pulp fiber types may be used for the present invention including hardwood or 
softwoods, straw, flax, milkweed seed floss fibers, abaca, hemp, kenaf, bagasse, cotton, 
reed, and the like. All known papermaking fibers may be used, including bleached and 
30 unbleached fibers, fibers of natural origin (including wood fiber and other cellulose fibers, 
cellulose derivatives, and chemically stiffened or crosslinked fibers), some component 
portion of synthetic fiber (synthetic papermaking fibers include certain forms of fibers 
made from polypropylene, acrylic, aramids, acetates, and the like), virgin and recovered 
or recycled fibers, hardwood and softwood, and fibers that have been mechanically 
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pu^ed (e.g., groundwood), chemically pulped (including but not limited to the kraft and 
siijte pulp processings), thermomechanically pulped, chemithermomechanically pulped, 
ifpthe like. Mixtures of any subset of the above mentioned or related fiber classes may 
bjfsed. The pulp fibers can be prepared in a multiplicity of ways known to be 
5 acjfjantageous in the art. Useful methods of preparing fibers include dispersion to impart 
cuiand improved drying properties, such as disclosed in U.S. Patents 5,348,620 issued 
s||ember 20, 1994 and 5,501,768 issued March 26, 1996, both to M. A. Hermans et al. 
and U.S. Patent 5,656,132 issued August 12, 1997 to Farrington, Jr. et al. 

10 According to the present invention, the chemical treatment of the pulp fibers may 

occur prior to, during, or after the drying phase of the pulp processing. The two generally 
accepted methods of drying include flash drying, can drying, flack drying, through air 
drying, I.R. drying, fluidized bed, or any method of drying known in the art. The present 
invention may also be applied to wet lap pulp processes without the use of dryers. 

15 

Numerous features and advantages of the present invention will appear from the 
following description. In the description, reference is made to the accompanying drawings 
which illustrate preferred embodiments of the invention. Such embodiments do not 
represent the full scope of the invention. Reference should therefore be made to the 
20 claims herein for interpreting the full scope of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 depicts a schematic process flow diagram of a method according to the present 
invention for treating pulp fibers with chemical additives. 

Figure 2 depicts a schematic process flow diagram of a method according to the present 
invention for treating pulp fibers with chemical additives. 

30 

Figure 3 depicts a schematic process flow diagram of a method of making a creped 
tissue sheet 
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Flglre 4 depicts a schematic process flow diagram of a method according to the present 
§ invention for treating pulp fibers with multiple chemical additives. 

1 

Figure 5 depicts a schematic process flow diagram of a method according to the present 
invention for treating pulp fibers with multiple chemical additives. 



DETAILED DESCRIPTION 

The invention will now be described in greater detail with reference to the Figures. 
A variety of conventional pulping apparatuses and operations can be used with respect to 
the pulping phase, pulp processing, and drying of pulp fiber. It is understood that the pulp 
fibers could be virgin pulp fiber or recycled pulp fiber. Nevertheless, particular 
conventional components are illustrated for purposes of providing the context in which the 
various embodiments of the present invention can be used. Improved retention of 
chemical additives by the pulp fibers may be obtained by treating the pulp fibers according 
to the present invention rather than treating the pulp fibers in wet end additions at 
papermaking machines. In addition, the present invention allows for quick pulp fiber 
grade changes at the paper mills. 

Figure 1 depicts pulp processing preparation equipment used to apply chemical 
additives to pulp fibers according to one embodiment of the present invention. A fiber 
slurry 10 is prepared and thereafter transferred through suitable conduits (not shown) to 
the headbox 28 where the fiber slurry 10 is injected or deposited into a fourdrinier section 
30 thereby forming a wet fibrous web 32. The wet fibrous web 32 may be subjected to 
mechanical pressure to remove process water. It is understood that the process water 
may contain process chemicals used in treating the fiber slurry 10 prior to a web formation 
step. In the illustrated embodiment, the fourdrinier section 30 precedes a press section 
44, although alternative dewatering devices such as a nip thickening device, or the like 
may be used in a pulp sheet machine. The fiber slurry 10 is deposited onto a foraminous 
fabric 46 such that the fourdrinier section filtrate 48 is removed from the wet fibrous web 
32. The fourdrinier section filtrate 48 comprises a portion of the process water. The press 
section 44 or other dewatering device known in the art suitably increases the fiber 
consistency of the wet fibrous web 32 to about 30 percent or greater, and particularly 
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ab||rt 40 percent or greater thereby creating a dewatered web 33. The process water 
reffoved as fourdrinier section filtrate 48 during the web forming step may be used as 
dililon water for dilution stages in the pulp processing or discarded. 

W 

The dewatered fibrous web 33 may be further dewatered in additional press 
sections 44 or other dewatering devices known in the art. The suitably dewatered fibrous 
web 33 may be transferred to a dryer section 34 where evaporative drying is carried out 
on the dewatered fibrous web 33 to an airdry consistency, thereby forming a dried fibrous 
web 36. The dried fibrous web 36 is thereafter wound on a reel 37 or slit, cut into sheets, 
and baled via a baler 40 (see Figure 2) for delivery to paper machines 38 (see Figure 3). 

Chemical additive 24 may be added or applied to the dewatered fibrous web 33 or 
the dried fibrous web 36 at a variety of addition points 35a, 35b, and 35c as shown in 
Figure 1. It is understood that while only three addition points 35a, 35b, and 35c are 
shown in Figure 1, the application of the chemical additive 24 may occur at any point 
between the point of initial dewatering of the wet fibrous web 32 to the point the dried, 
fibrous web 36 is wound on the reel 37 or baled for transport to the paper machines 38. 
The addition point 35a shows the addition of the chemical additive 24 within press section 
44. The addition point 35b shows the addition of the chemical additive 24 between the 
press section 44 and the dryer section 34. The addition point 35c shows the addition of 
the chemical additive 24 between the dryer section 34 and the reel 37 or baler 40. 

A list of chemical additives that can be used in conjunction with the present 
invention include: dry strength agents, wet strength agents, softening agents, debonding 
agents, adsorbency agents, sizing agents, dyes, optical brighteners, chemical tracers, 
opacifiers, dryer adhesive chemicals, and the like. Additional chemical additives may 
include: pigments, emollients, humectants, viricides, bactericides, buffers, waxes, 
fluoropolymers, odor control materials and deodorants, zeolites, perfumes, vegetable and 
mineral oils, polysiloxane compounds, surfactants, moisturizers, UV blockers, antibiotic 
agents, lotions, fungicides, preservatives, aloe-vera extract, vitamin E, or the like. 
Suitable chemical additives are retained by the papermaking fibers and may or may not 
be water soluble or water dispersible. 
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I At the paper machines 38, (see Figure 3) the dried fibrous web 36 is mixed with 
water to form a chemically treated pulp fiber slurry 49. The chemically treated pulp fiber 
slifry 49 contains the chemically treated pulp fiber having the chemical additive 24 
retained by the individual fibers. The chemically treated pulp fiber slurry 49 is passed 
5 through the paper machine 38 and processed to form a finished product 64. By way of 
illustration, various paper or tissue making processes are disclosed in U.S. Patent 
5,667,636 issued September 16, 1997 to Engel et aL; U.S. Patent 5,607,551 issued 
March 4, 1997 to Fanington, Jr. et aL; U.S. Patent 5,672,248 issued September 30, 1997 
to Wendt et aL; and, U.S. Patent 5,494,554 issued February 27, 1996 to Edwards et aL, 
10 which are incorporated herein by reference. The finished product 64 has enhanced 
qualities due to the retention of the chemical additive 24 by the chemically treated pulp 
fibers during the pulp processing. In other embodiments of the present invention, 
additional chemical additive 24 may be added to the chemically treated pulp fiber slurry 49 
during stock preparation at the paper machine 38. 

15 

Figure 2 depicts an alternative embodiment of the present invention using a 
different dry lap machine to prepare and treat the pulp. A fiber slurry 10 is prepared and 
thereafter transferred through suitable conduits (not shown) to the headbox 28 where the 
fiber slurry 10 is injected or deposited into a fourdrinier section 30 thereby forming a wet 

20 fibrous web 32. The wet fibrous web 32 may be subjected to mechanical pressure to 

remove process water. In the illustrated embodiment, the fourdrinier section 30 precedes 
a press section 44, although alternative dewatering devices such as a nip thickening 
device, or the like known in the art may be used in a pulp sheet machine. The fiber slurry 
10 is deposited onto a foraminous fabric 46 such that the fourdrinier section filtrate 48 is 

25 removed from the wet fibrous web 32. The fourdrinier section filtrate 48 comprises a 
portion of the process water. The press section 44 or other dewatering device suitably 
increases the fiber consistency of the wet fibrous web 32 to about 30 percent or greater, 
and particularly about 40 percent or greater, thereby forming a dewatered fibrous web 33. 
The process water removed as fourdrinier section filtrate 48 during the web forming step 

30 may be used as dilution water for dilution stages in the pulp processing or discarded. 

The dewatered fibrous web 33 may be further dewatered in additional press 
sections 44 or other dewatering devices known in the art. The suitably dewatered fibrous 
web 33 may be transferred to a dryer section 34 where evaporative drying is carried out 
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on|he dewatered fibrous web 33 to an airdry consistency, thereby forming a dried fibrous 

w M> 36. The dried fibrous web 36 is thereafter slit, cut into sheets, and baled via a baler 

w 

4C$br wound on a reel 37 or wound onto a reel 37 (see Figure 1) for delivery to paper 
mfshines 38 (see Figure 3). 

The chemical additive 24 may be added or applied to the dewatered fibrous web 
33*>r the dried fibrous web 36 at a variety of addition points 35a, 35b, and 35c as shown 
in Figure 2. It is understood that while only three addition points 35a, 35b, and 35c are 
shown in Figure 2, the application of the chemical additive 24 may occur at any point 
between the point of initial dewatering of the wet fibrous web 32 to the point the dried 
fibrous web 36 is wound on the reel 37 or baled for transport to the paper machines 38. 
The addition point 35a shows the addition of the chemical additive 24 within press section 
44. The addition point 35b shows the addition of the chemical additive 24 between the 
press section 44 and the dryer section 34. The addition point 35c shows the addition of 
the chemical additive 24 between the dryer section 34 and the reel 37 or baler 40. 

At the paper machines 38, (see Figure 3) the dried fibrous web 36 is mixed with 
water to form a chemically treated pulp fiber sluny 49. The chemically treated pulp fiber 
slurry 49 contains the chemically treated pulp fiber having the chemical additive 24 
retained by the individual fibers. The chemically treated pulp fiber slurry 49 is passed 
through the paper machine 38 and processed to form a finished product 64. By way of 
illustration, various paper or tissue making processes are disclosed in U.S. Patent 
5,667,636 issued September 16, 1997 to Engel et al.; U.S. Patent 5,607,551 issued 
March 4, 1997 to Farrington, Jr. et al.; U.S. Patent 5,672,248 issued September 30, 1997 
to Wendt et al.; and, U.S. Patent 5,494,554 issued February 27, 1996 to Edwards et a!., 
which are incorporated herein by reference. The finished product 64 has enhanced 
qualities due to the retention of the chemical additive 24 by chemically treated the 
chemically treated pulp fibers during the pulp processing. In other embodiments of the 
present invention, additional chemical additive 24 may be added to the chemically treated 
pulp fiber slurry 49 during stock preparation at the paper machine 38. 

Figure 4 depicts an alternative embodiment of the present invention in which 
sequential addition of the first and second chemical additives 24 and 25, respectively, are 
added to the dewatered fibrous web slurry 33 and/or the dried fibrous web 36. It is 
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understood that the addition of the first chemical additive 24 may occur any where that the 
sejbnd chemical additive 25 may be applied. It is also understood that the addition of the 
sefpnd chemical additive 25 may occur any where that the first chemical additive 24 may 
belpplied. A fiber slurry 10 is prepared and thereafter transferred through suitable 

5 conduits (not shown) to the headbox 28 where the fiber slurry 1 0 is injected or deposited 
into a fourdrinier section 30 thereby forming a wet fibrous web 32. The wet fibrous web 
32 may be subjected to mechanical pressure to remove process water. In the illustrated 
embodiment, the fourdrinier section 30 precedes a press section 44, although alternative 
dewatering devices such as a nip thickening device, or the like known in the art may be 

1 0 used. The fiber slurry 1 0 is deposited onto a foraminous fabric 46 such that the fourdrinier 
section filtrate 48 is removed from the wet fibrous web 32. The fourdrinier section filtrate 
48 comprises a portion of the process water. The press section 44 or other dewatering 
device suitably increases the fiber consistency of the wet fibrous web 32 to about 30 
percent or greater, and particularly about 40 percent or greater thereby forming a 

1 5 dewatered fibrous web 33. The process water removed as fourdrinier section filtrate 48 
during the web forming step may be used as dilution water for dilution stages in the pulp 
processing or discarded. 

The dewatered fibrous web 33 may be further dewatered in additional press 
20 sections 44 or other dewatering devices known in the art. The suitably dewatered fibrous 
web 33 may be transferred to a dryer section 34 where evaporative drying is carried out 
on the dewatered fibrous web 33 to an airdry consistency, thereby forming a dried fibrous 
web 36. The dried fibrous web 36 is thereafter wound on a reel 37 or slit, cut into sheets, 
and baled via a baler 40 (see Figure 5) for delivery to paper machines 38 (see Figure 3). 

25 

The first chemical additive 24 may be added or applied to the dewatered fibrous 
web 33 or the dried fibrous web 36 at a variety of addition points 35a, 35b, and 35c as 
shown in Figure 4. It is understood that while only three addition points 35a, 35b, and 
35c are shown in Figure 4, the application of the first chemical additive 24 may occur at 
30 any point between the point of initial dewatering of the wet fibrous web 32 to the point the 
dried fibrous web 36 is wound on the reel 37 or baled for transport to the paper machines 
38. The addition point 35a shows the addition of the first chemical additive 24 within 
press section 44. the addition point 35b shows the addition of the first chemical additive 
24 between the press section 44 and the dryer section 34. The addition point 35c shows 
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th§bddition of the first chemical additive 24 between the dryer section 34 and the reel 37 
org|aler 40. 

$ 

§ The second chemical additive 25 may be added or applied to the dewatered 
5 fibrous web 33 or the dried fibrous web 36 at a variety of addition points 35a, 35b, and 
35c as shown in Figure 4. It is understood that while only three addition points 35a, 35b, 
ari 35c are shown in Figure 4, the application of the second chemical additive 25 may 
occur at any point between the point of initial dewatering of the wet fibrous web 32 to the 
point the dried fibrous web 36 is wound on the reel 37 or baled for transport to the paper 
1 0 machines 38 downstream of at least the initial point of application of the first chemical 

additive 24. The addition point 35a shows the addition of the second chemical additive 25 
within press section 44. The addition point 35b shows the addition of the second 
chemical additive 25 between the press section 44 and the dryer section 34. The addition 
point 35c shows the addition of the second chemical additive 25 between the dryer 
1 5 section 34 and the reel 37 or baler 40. 

At the paper machines 38, (see Figure 3) the dried fibrous web 36 is mixed with 
water to form a chemically treated pulp fiber slurry 49. The chemically treated pulp fiber 
slurry 49 contains the chemically treated pulp fiber having the first and second chemical 

20 additives 24 and 25 retained by the individual fibers. The chemically treated pulp fiber 
slurry 49 is passed through the paper machine 38 and processed to form a finished 
product 64. By way of illustration, various paper or tissue making processes are disclosed 
in U.S. Patent 5,667,636 issued September 16, 1997 to Engel et al.; U.S. Patent 
5,607,551 issued March 4, 1997 to Farrington, Jr. et al.; U.S. Patent 5,672,248 issued 

25 September 30, 1 997 to Wendt et al.; and, U.S. Patent 5,494,554 issued February 27, 
1996 to Edwards et al., which are incorporated herein by reference. The finished product 
64 has enhanced qualities due to the retention of the first and second chemical additives 
24 and 25 by the chemically treated pulp fibers during the pulp processing. In other 
embodiments of the present invention, additional chemical additives may be added to the 

30 chemically treated pulp fiber slurry 49 during stock preparation at the paper machine 38. 

In other embodiments, it is understood that a third, fourth, fifth, so forth, chemical 
additives may be used to treat the dewatered fibrous web 33 and/or dried fibrous web 36. 
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J§ Figure 5 depicts an alternative embodiment of the present invention in which 
sefiential addition of the first and second chemical additives 24 and 25, respectively, are 
ajtd to the dewatered fibrous web slurry 33 and/or the dried fibrous web 36. It is 
unftrstood that the addition of the first chemical additive 24 may occur any where that the 
seftnd chemical additive 25 may be applied. It is also understood that the addition of the 
sejfpnd chemical additive 25 may occur any where that the first chemical additive 24 may . 
bJIpplied. A fiber slurry 10 is prepared and thereafter transferred through suitable 
conduits (not shown) to the headbox 28 where the fiber slurry 10 is injected or deposited 
into a fourdrinler section 30 thereby forming a wet fibrous web 32. The wet fibrous web 
32 may be subjected to mechanical pressure to remove process water: In the illustrated 
embodiment, the fourdrinier section 30 precedes a press section 44, although alternative 
dewatering devices such as a nip thickening device, or the like known in the art may be 
used. The fiber slurry 10 is deposited onto a foraminous fabric 46 such that the fourdrinier 
section filtrate 48 is removed from the wet fibrous web 32. The fourdrinier section filtrate 
48 comprises a portion of the process water. The press section 44 or other dewatering 
device suitably increases the fiber consistency of the wet fibrous web 32 to about 30 
percent or greater, and particularly about 40 percent or greater thereby forming a 
dewatered fibrous web 33. The process water removed as fourdrinier section filtrate 48 
during the web forming step may be used as dilution water for dilution stages in the pulp 
processing or discarded. 

The dewatered fibrous web 33 may be further dewatered in additional press 
sections 44 or other dewatering devices known in the art. The suitably dewatered fibrous 
web 33 may be transferred to a dryer section 34 where evaporative drying is carried out 
on the dewatered fibrous web 33 to an air dry consistency, thereby forming a dried fibrous 
web 36. The dried fibrous web 36 is thereafter slit, cut into sheets, and baled via a baler 
40 or wound onto a reel 37 (see Figure 4) for delivery to paper machines 38 (see Figure 

3). 

The first chemical additive 24 may be added or applied to the dewatered fibrous 
web 33 or the dried fibrous web 36 at a variety of addition points 35a, 35b, and 35c as 
shown in Figure 4. It is understood that while only three addition points 35a, 35b, and 
35c are shown in Figure 4, the application of the first chemical additive 24 may occur at 
any point between the point of initial dewatering of the wet fibrous web 32 to the point the 
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dried fibrous web 36 is wound on the reel 37 or baled for transport to the paper machines 
38® The addition point 35a shows the addition of the first chemical additive 24 within 
prills section 44. The addition point 35b shows the addition of the first chemical additive 
2^etween the press section 44 and the dryer section 34. The addition point 35c shows 
5 th jaddition of the first chemical additive 24 between the dryer section 34 and the reel 37 
orbaler 40. 

i 

The second chemical additive 25 may be added or applied to the dewatered 
fibrous web 33 or the dried fibrous web 36 at a variety of addition points 35a, 35b, and 

1 0 35c as shown in Figure 5. It is understood that while only three addition points 35a, 35b, 
and 35c are shown in Figure 5, the application of the second chemical additive 25 may 
occur at any point between the point of initial dewatering of the wet fibrous web 32 to the 
point the dried fibrous web 36 is wound on the reel 37 or baled for transport to the paper 
machines 38 downstream of at least the initial point of application of the first chemical 

1 5 additive 24. The addition point 35a shows the addition of the second chemical additive 25 
within press section 44. The addition point 35b shows the addition of the second 
chemical additive 25 between the press section 44 and the dryer section 34. The addition 
point 35c shows the addition of the second chemical additive 25 between the dryer 
section 34 and the reel 37 or baler 40. 

20 

At the paper machines 38. (see Figure 3) the dried fibrous web 36 is mixed with 
water to form a chemically treated pulp fiber slurry 49. The chemically treated pulp fiber 
slurry 49 contains the chemically treated pulp fiber having the first and second chemical 
additives 24 and 25 retained by the individual fibers. The chemically treated pulp fiber 

25 slurry 49 is passed through the paper machine 38 and processed to form a finished 

product 64. By way of illustration, various paper or tissue making processes are disclosed 
in U.S. Patent 5,667,636 issued September 16, 1997 to Engel et al; U.S. Patent 
5,607,551 issued March 4, 1997 to Farrington, Jr. et al.; U.S. Patent 5,672,248 issued 
September 30, 1997 to Wendt et al.; and, U.S. Patent 5,494,554 issued February 27, 

30 1996 to Edwards et al., which are incorporated herein by reference. The finished product 
64 has enhanced qualities due to the retention of the first and second chemical additives 
24 and 25 by the chemically treated pulp fibers during the pulp processing. In other 
embodiments of the present invention, additional chemical additives may be added to the 
chemically treated pulp fiber slurry 49 during stock preparation at the paper machine 38. 



21 



W(j|l/072946 PCT/US02/03810 

H in other embodiments, it is understood that a third; fourth, fifth, so forth, chemical 
a Jftives may be used to treat the dewatered fibrous web 33 and/or dried fibrous web 36. 

If The amount of first chemical additive 24 is suitably about 0.1 kg./metric ton of pulp 
fitj|r or greater. In particular embodiments, wherein the first chemical additive 24 is a 
sjlening agent and is added in an amount from about 0.1 kg./metric ton of pulp fiber or 
greater. ■ 

The amount of the second chemical additive 25 is suitably about 0.1 kg./metric ton 
of pulp fiber or greater. In particular embodiments, wherein the second chemical additive 
25 is a softening agent and is added in an amount from about 0.1 kg./metric ton of pulp 
fiber or greater. 

In other embodiments of the present invention, each of the first and second 
chemical additives 24 and 25 may be added to the fiber slurry 10 at a variety of positions 
infthe pulp processing apparatus. 

* In other embodiments of the present invention, one batch of pulp fibers may be 
treated with a first chemical additive 24 according to the method of flie present invention 
as discussed above while a second batch of pulp fibers may be treated with a second 
chemical additive 25 according to the present invention. During the papermaking process, 
different pulp fibers or pulp fibers having different treatments may be processed into a 
layered paper or tissue product as disclosed in the U.S. Patent No. 5,730,839 issued 
March 24, 1998 to Wendt et al., which Is incorporated herein by reference. 

Referring to the Figure 3. a tissue web 64 is formed using a 2-layer headbox 50 
between a forming fabric 52 and a conventional wet press papermaking (or carrier) felt 56 
which wraps at least partially about a forming roll 54 and a press roll 58. The tissue web 
64 is then transferred from the papermaking felt 56 to the Yankee dryer 60 applying the 
vacuum press roll 58. An adhesive mixture is typically sprayed using a spray boom 59 
onto the surface of the Yankee dryer 60 just before the application of the tissue web to the 
Yankee dryer 60 by the press roll 58. A natural gas heated hood (not shown) may 
partially surround the Yankee dryer 60, assisting in drying the tissue web 64. The tissue 
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web 64 is removed from the Yankee dryer by the creping doctor blade 62. Two tissue 
webs 64 may be plied together and calendered. The resulting 2-ply tissue product can be 
wbund onto a hard roll. 

In other embodiments of the present invention, a gradient of the first and/or the 
second chemical additives 24 and 25 along the z-direction of the dewatered fibrous web 
33land/or the dried fibrous web 36 may be established by a directed application of the first 
and/or the second chemical additives 24 and 25. In one embodiment, the first and/or the 
second chemical additives 24 and 25 are applied to one side of the dewatered fibrous web 
33 and/or the dried fibrous web 36. In another embodiment, one side of the dewatered 
fibrous web 33 and/or the dried fibrous web 36 is saturated with the first and/or the 
second chemical additives 24 and 25. In another embodiment, a dual gradient may be 
established in the z : direction of the dewatered fibrous web 33 and/or the dried fibrous web 
36 by applying the first chemical additive 24 to one side of the dewatered fibrous web 33 
and/or the dried fibrous web 36 and applying the second chemical additive 25 to the other 
(opposing) side of the dewatered fibrous web 33 and/or the dried fibrous web 36. The 
term "z-direction" refers to the direction through the thickness of the web material. 

The first and/or the second chemical additives 24 and 25 may be applied so as to 
establish a gradient wherein about 100 percent of each of the first and/or the second 
chemical additives 24 and 25 is located from the side of the dewatered fibrous web 33 
and/or the dried fibrous web 36 treated with the first and/or the second chemical additives- 
24 and 25 to the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
along the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36 and 
substantially none of each of the first and/or the second chemical additives 24 and 25 is 
located from the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
to the opposing side of the dewatered fibrous web 33 and/or the dried fibrous web 36 
along the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36. 

The first and/or the second chemical additives 24 and 25 may be applied so as to 
establish a gradient wherein about 66 percent of each of the first and/or the second 
chemical additives 24 and 25 is located from the side of the dewatered fibrous web 33 
and/or the dried fibrous web 36 treated with the first and/or the second chemical additives 
24 and 25 to the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
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a\mg the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36 and 
aJfut 33 percent of each of the first and/or the second chemical additives 24 and 25 is 
lolked from the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
to$he opposing side of the dewatered fibrous web 33 and/or the dried fibrous web 36 
5 alfhg the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36. 

I it is understood that in any of these embodiments, the first and second chemical 
additives 24 and 25 may be each applied an opposing side of the dewatered fibrous web 
33 and/or the dried fibrous web 36. Alternatively, the first and second chemical additives 

1 0 24 and 25 could be applied to both opposing sides of the dewatered fibrous web 33 and/or 
the dried fibrous web 36. In still another variation, the first and second chemical additives 
24 and 25 could be applied to only one side of the dewaterec| fibrous web 33 and/or the 
dried fibrous web 36. Where only a first chemical additive 24 is applied to the dewatered 
fibrous web 33 and/or the dried fibrous web 36, the first chemical additive 24 may be 

15 applied to one side or both opposing sides of the dewatered fibrous web 33 and/or the 
dried fibrous web 36 

The first and/or the second chemical additives 24 and 25 may be applied so as to 
establish a gradient wherein about 60 percent of each of the first and/or the second 
20 chemical additives 24 and 25 is located from the side of the dewatered fibrous web 33 
and/or the dried fibrous web 36 treated with the first and/or the second chemical additives 

24 and 25 to the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
along the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36 and 
about 40 percent of each of the first and/or the second chemical additives 24 and 25 is 

25 located from the middle of the dewatered fibrous web 33 and/or the dried fibrous web 36 
to the opposing side of the dewatered fibrous web 33 and/or the dried fibrous web 36 
along the z-direction of the dewatered fibrous web 33 and/or the dried fibrous web 36. 

In another embodiment of the present invention, the amounts of the first and/or 
30 second chemical additives 24 and 25 may be reduced to impart unique product 

characteristics due to the distribution of the first and/or second chemical additives 24 and 

25 of the dewatered fibrous web 33 and/or the dried fibrous web 36 as opposed to an 
embodiment of the present invention wherein an equilibrated distribution of the first and/or 
second chemical additives 24 and 25 of the dewatered fibrous web 33 and/or the dried 
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fitSus web 36. The establishment of a gradient of the application of the first and/or the 
selbnd chemical additives 24 and 25 of the dewatered fibrous web 33 and/or the dried 
fitflus web 36 is one way in which this may be accomplished. A directed application of a 
delonding chemical additive according to the present invention results in a reduced 
arfbunt of the debonding chemical additive which produces a product having improved 
tensile strength as some of the pulp fiber is not treated by the debonding chemical 
adlitive. 

EX A MPLES 

The following example will describe how to produce chemically treated pulp as 
described according to the present invention. In these examples the definition of applied 
refers to the amount of chemical measured to be on the dry fiber mat after treatment 
This amount is determined through measurement of chemical described in the 
Measurement Methods section. 

Chemical retention in these examples is defined as the percentage of applied 
chemical treatment that remains with the fiber after the treated mat is redispersed to a low 
percent solids content in hot water. The percent retention was calculated according to 
Equation 1. 



C — ^Vc 

o /oR = _Z L3L (100%) Equation 1 

where % R is the chemical retention 

C f is the measured chemical level applied to pulp in units of kg/MT 

C w is the measured chemical level in the redispersed treated pulp water phase in units of 

mg/L 

S is the solids content of redispersed treated pulp in units of g fiber/g slurry 

p is the density of the pulp water slurry in units of g/L (typically .1000 g/L for dilute 

solutions) 
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lyiFftfiURgMENIT METHODS 

Imidazoline concentrations were measured in water by using a DR/2010 Portable 
Datalogging Spectrophotometer commercially available from Hach Company, located In 

5 Loveland, Colorado. The spectrophotometer method #401 for Quaternary Ammonium 
Compounds was employed using suitable blanks and dilution. Imidazoline concentrations 
w§re measured on fiber using a liquid extraction procedure consisting of oven-drying the 
pulp for 4 hours at 105 °C; weighing out 5 g of pulp and placing it in 100 mL of anhydrous 
methanol in a 125 mL container. The pulp-methanol was then placed in a Lab-line model 

10 3590 orbital shaker bath, commercially available from Lab-line Instruments Melrose Park, 
Illinois, which was operated at 300 rpm for 2 hours. An aliquot of the liquid sample 
absorbance was then measured at 238 nm on a Hewlett Packard model 8453 UV/VIS 
spectrophotometer, commercially available from Hewlett Packard Company, located in 
Palo Alto, California. This value was used with a prepared calibration curve using the 

1 5 identical procedure with imidazoline spiked samples. 

Example 1 

20 The untreated pulp in this example is a fully bleached eucalyptus pulp fiber slurry 

with a pH value of 4.5. Referencing Figure 1, this fiber was formed into a mat a basis 
weight of approximately 600 grams per square meter, pressed and dried to 95 percent 
solids. Next, a 4 percent (active content basis) water dispersion of imidazoline softening 
agent (methyl-1-oleyl amidoethyl-2-oleyl imidazolinium methylsulfate identified as 

25 Mackemium DC-183, commercially available from Mclntyre Ltd., located in University 

Park, Illinois), was sprayed on the surface of the fiber mat. The dispersion was created by 
mixing the imidazoline compound with water at approximately 120 °F for 10 minutes with a 
Lightnin Duramix mixer with an A100 axial flow impeller commercially available from 
Lightnin Mixers, located in Rochester, New York. The spray was applied using 7 mini- 

30 misting hollow cone nozzles with an 80 degree spray angle available from McMaster-Carr. 
The nozzles were place 5 inches center-to-center, 2.5 inches away from the sheet. The 
nozzles were aligned to spray perpendicular to the sheet applying single coverage. The 
nozzles were positioned approximately 5 feet after the dryer section. Each nozzle's output 
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W J| adjusted approximately 40 milliliters per minute of the imidazoline-water dispersion by 
adjusting the dispersion feed pressure to 40 psig. 

The amount of the chemical softener applied to the mat was approximately 3 
5 kilograms per metric ton of eucalyptus fiber. The chemical softener was allowed to 
remain on the pulp mat for 2 weeks after which it was dispersed to approximately 1.6 
percent solids with hot water at 120 °F. Samples from this treatment were taken and used 
to determine the amount of chemical softener that remained in the water phase, which 
was drained as filtrate from the pulp fiber. The concentrations of the aqueous chemical 
10 softener levels were converted into a percent retention basis. The chemical softener 
retention level is shown in Table 1. 

Example 2 

15 

Identical to Example 1 with the exception that the eucalyptus slurry pH was 
adjusted to a pH value of 7. The chemical softener retention level is shown in Table 1. 

20 Example 3 

The untreated pulp in this example is a fully bleached eucalyptus pulp fiber slurry 
with a pH value of 4.5. Referencing Figure 1 , this fiber was formed into a mat a basis 
weight of 900 grams oven-dry pulp per square meter, pressed and dried to 95 percent 

25 solids. Next, a 5 percent (active content basis) water dispersion of imidazoline softening 
agent (methyl-1-oleyI amidoethyl-2-oleyl imidazolinium methylsulfate identified as 
Mackernium DC-183, commercially available from Mclntyre Ltd., located in University 
Park, Illinois), was sprayed onto the surface of the fiber mat. The dispersion was created 
by mixing the imidazoline compound with water at approximately 120 °F for 10 minutes ' 

30 with a Lightnin Duramix mixer with an A100 axial flow impeller commercially available 
from Lightnin Mixers, located in Rochester, New York. The spray was applied using 15 
mini-misting hollow cone nozzles with an 80 degree spray angle available from McMaster- 
Carr. The nozzles were place 2.5 inches center-to-center, i .5 inches away from the 
sheet. The nozzles were aligned to spray perpendicular to the sheet applying single 
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coverage. The nozzles were positioned approximately 5 feet after the dryer section. 
Each nozzle's output was adjusted to approximately 55 milliliters per minute of the 
imidazoline-water dispersion by adjusting the dispersion feed pressure to 60 psig. 

5 The amount of the chemical softener applied to the mat was approximately 7.5 

kilograms per metric ton of eucalyptus fiber. The chemical softener was allowed to 
remain on the pulp mat for 2 weeks after which it was dispersed to approximately 1 .6 
percent solids with hot water at 1 20 °F. Samples from this treatment were taken and used 
to determine the amount of chemical softener that remained in the water phase, which 

10 was drained as filtrate from the pulp fiber. The concentrations of the aqueous chemical 
softener levels were converted into a percent retention basis. The aqueous chemical 
softener retention level is shown in Table 1. 

15 Example 4 

The untreated pulp in this example is a fully bleached eucalyptus pulp fiber slurry 
with a pH value of 4.5. Referencing Figure 1, this fiber was formed into a mat at a basis 
weight of 600 grams per square meter, and pressed to 45% solids after which a 4 percent 
20 dispersion of an imidazoline softening agent (methyl-1-oleyl amidoethyl-2-oleyl 

imidazolinium methylsulfate identified as Mackemium DC-183), was sprayed unto the 
surface of the fiber mat. The nozzles were positioned approximately 1 foot prior to the 
second press. Chemical softener was applied at approximately 1.5 kg/MT in this manner 
after which the pulp sheet was dried to approximately 95 percent solids. 

25 

The chemical softener was allowed to remain on the pulp mat for 2 weeks after 
which it was dispersed to approximately 1 .6 percent solids with hot water at 1 20 °F. 
Samples from this treatment were taken and used to determine the amount of chemical 
softener that remained in the water phase, which was drained as filtrate from the pulp 
30 fiber. The concentrations of the aqueous chemical softener levels were then converted 
into a percent retention basis. The chemical softener retention level is shown in Table 1 . 
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Example 5 

Identical to Example 4 with the exception that the eucalyptus slurry was adjusted 
to a pH value of 7.0. The aqueous chemical softener retention level is shown in Table 1. 

5 

Example 6 

The untreated pulp in this example is a fully bleached eucalyptus pulp fiber slurry 
10 with a pH value of 4.5. Referencing Figure 1, this fiber was formed into a mat at a basis 
weight of 900 grams per square meter, and pressed to 60% solids after which a 4 percent 
dispersion of an imidazoline softening agent (methyl- 1-oleyl amidoethyl-2-oley! 
imidazoiinium methylsulfate identified as Mackemium DC-183), was sprayed unto the 
surface of the fiber mat. The nozzles were positioned approximately 3 feet before the 
1 5 dryer section. Chemical softener was applied at approximately 7.5 kg/MT in this manner 
after which the pulp sheet was dried to 95 percent solids. 

The chemical softener was allowed to remain on the pulp mat for 2 weeks after 
which it was dispersed to approximately 1 .6 percent solids with hot water at 120 °F. 
20 Samples from this treatment were taken and used to determine the amount of chemical 
softener that remained in the water phase, which was drained as filtrate from the pulp 
fiber. The concentrations of the aqueous chemical softener levels were then converted 
into a percent retention basis. The aqueous chemical softener retention level is shown in 
Table 1. 



Example 7 

The untreated pulp in this example is a fully bleached eucalyptus pulp fiber slurry 
30 with a pH value of 4.5. Referencing Figure 2, this fiber was formed into a mat a basis 
weight of approximately 1000 grams per square meter, pressed and dried to 90 percent 
solids, after which a 4 percent dispersion of an imidazoline softening agent (methyl-1-oleyl 
amidoethyl-2-oleyl imidazoiinium methylsulfate identified as Mackemium DC-183), was 
sprayed on the surface of the fiber mat. The spray was applied using 21 Veejet HW 
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11004 nozzles with a 1 10 degree spray angle available from Spraying Systems, located in 
Wheaton, Illinois. The nozzles were place 8.1 inches center-to-center, 1.5 inches away 
from the sheet The nozzles were aligned to spray perpendicular to the sheet applying 
single coverage. The nozzles were positioned approximately 10 feet after the dryer 
5 section. Each nozzle's output was adjusted to approximately 500 milliliters per minute of 
the imidazoline-water dispersion by adjusting the dispersion feed pressure to 35 psig. 
The fiber mat's velocity was approximately 500 meters per minute during the application. 

The amount of the chemical softener applied to the mat was approximately 2 
1 0 kilograms per metric ton of eucalyptus fiber. The chemical softener was allowed to 
remain on the pulp mat for 3 weeks after which it was dispersed to approximately 8.5 
percent solids with hot water at 120 °F. Samples from this treatment were taken and used 
to determine the amount of chemical softener that remained in the water phase, which 
was drained as filtrate from the pulp fiber. The concentrations of the aqueous chemical 
15 softener levels were converted into a percent retention basis. The chemical softener 
retention level is shown in Table 1 . 

Example 8 

20 

Identical to Example 7 with the exceptions that the eucalyptus slurry pH was 
adjusted to a pH value of 7, the chemical softening agent was applied at a 1.5 kg/MT 
level, and the pulp was redispersed at 2.5 percent solids. The chemical softener retention 
level is shown in Table 1 . 

25 
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Table 1. Aqueous Chemical Softener Levels 



Sample 


Chemical 

V^l Iwl 1 IIWMI 

Softener 


Application 
location 


Pre-treated 
pulp pH 


Chemical 
Softener 

Application 
Level 

(kg/MT fiber) 


Chemical 
Softener 
Retention 

(%) 


Pvamnlp 1 


Imidazoline 
Emulsion 


Post-dryer 


4.5 


3.2 


87.9% 


example ^ 


Imidazoline^ 
Emulsion 


Post-drver 


7.0 


3.2 


87.8% 


example o 


Imidazoline 
Emulsion 


Pn^t-Hrvpr 


4.5 


7.4 


78.8% 


Example 4 


Imidazoline 
Emulsion 


Press-section 


4.5 


1.5 


91.2% 


Example 5 


Imidazoline 
Emulsion 


Press-section 


7.0 


1.5 


91.6% 


Example 6 


Imidazoline 
Emulsion 


Pre-dryer 


4.5 


7.4 


86.0% 


Example 7 


Imidazoline 
Emulsion 


Post-dryer 


4.5 


1.9 


99.5% 


Example 8 


Imidazoline 
Emulsion 


Post-dryer 


7.0 


1.6 


87.3% 



Example 9 

5 

The chemically treated eucalyptus pulp in Example 1 was used to produce a 
layered soft tissue product. The tissue product was made using the overall process 
shown in Figure 3. The first stock layer contained the chemically treated Eucalyptus 
hardwood pulp fiber, which made up about 65 percent of the tissue web by weight. This 

10 first stock layer was the first layer to come into contact with the forming fabric and was 
also the layer that came into contact with the drying surface of the Yankee dryer. The 
second stock layer contained northern softwood kraft pulp fiber. The second stock layer 
made up about 35 percent of the tissue web by weight. The two layers were pressed 
together at an approximately 15% solids vacuumed, pressed, and dried with a Yankee 

15 Dryer. 

A modified polyacrylamide dry strength agent, Parez 631 NC commercially 
available from Cytec Industries Inc. located in West Paterson, New Jersey, was added to 
the pulp fiber of the softwood layer. The Parez 631 NC was added to the thick stock at an 
20 addition level of about 0.2% of the pulp fiber in the entire tissue web. A pdlyamide 
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ed§hlorohydrin wet strength agent, Kymene 557LX commercially available from the 
Hffbules, Inc., located in Wilmington, Delaware, was added to both the Eucalyptus and 
northern softwood kraft furnishes at an addition level of about 0.2% based on the pulp 
fitffr in the entire tissue web. The basis weight of the tissue web was about 7.0 pounds 

5 pel 2880 square feet of oven dried tissue web. 

f 

§ : Referring to the Figure 3, the tissue web was formed using 2 separate headboxes 
with a 94M forming fabric commercially available from Albany International, located in 
Albany, New York, and a conventional wet press papermaking (or carrier) felt (Duramesh 
10 commercially available from from Albany International, located in Albany, New York) 

which wraps at least partially about a forming roll and a press roll. The basis weight of the 
tissue web was about 7.0 pounds per 2880 square feet of oven dried tissue web. 

The tissue web was then transferred from the papermaking felt to the Yankee 
1 5 dryer by the press roll. The water content of the tissue web on the papermaking felt just 
prior to transfer of the tissue web to the Yankee dryer was about 80 percent. The 
moisture content of the tissue web after the application of the press roll was about 55 
percent. An adhesive mixture was sprayed using a spray boom onto the surface of the 
Yankee dryer just before the application of the tissue web by the press roll. The adhesive 
20 mixture consisted of about 40% polyvinyl alcohol, about 40% polyamide resin and about 
20% quaternized polyamido amine as disclosed in U.S. Pat. No. 5,730,839 issued to 
Wendt et al. which is herein incorporated by reference. The application rate of the 
adhesive mixture was about 6 pounds of dry adhesive per metric ton of dry pulp fiber in 
the tissue web. A natural gas heated hood partially surrounding the Yankee dryer had a 
25 supply air temperature of about 680 °F to assist in drying the tissue web. The 

temperature of the tissue web after the application of the creping doctor was about 225 °F 
as measured with a handheld infrared temperature gun. The machine speed of the X inch 
wide tissue web was about 50 feet per minute. The crepe blade had a 10 degree bevel 
and was loaded with a % inch extension. The crepe ratio was about 1 .30 or about 30%. 
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It 

Example 10 

if 
| 

§ Identical to Example 9 with the exception that chemically treated eucalyptus pulp 



5 inlExample 2 was used to produce a layered soft tissue product. 



Example 11 



1 0 Identical to Example 10 with the exception that chemically treated eucalyptus pulp 

in Example 3 was used to produce a layered soft tissue product. 



Example 12 

Identical to Example 11 with the exception that chemically treated eucalyptus pulp 
in Example 4 was used to produce a layered soft tissue product. 



20 Example 13 

Identical to Example 12 with the exception that chemically treated eucalyptus pulp 
in Example 5 was used to produce a layered soft tissue product. 

25 

Example 14 

Identical to Example 13 with the exception that chemically treated eucalyptus pulp 
in Example 6 was used to produce a layered soft tissue product. 

30 
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Example 15 

The chemically treated eucalyptus pulp in Example 7 was used to produce a 
5 layered soft tissue product. The tissue product was made using the overall process 
shown in Figure 3. The first stock layer contained the chemically treated Eucalyptus 
hardwood pulp fiber, which made up about 65 percent of the tissue web by weight. This 
first stock layer was the first layer to come into contact with the forming fabric and was 
also the layer that came into contact with the drying surface of the Yankee dryer. The 
10 second stock layer contained northern softwood kraft pulp fiber. The second stock layer 
made up about 35 percent of the tissue web by weight. A polyamide epichlorohydrin wet 
strength agent, Kymene 557LX commercially available from the Hercules, Inc., was added 
to both the Eucalyptus and northern softwood kraft furnishes at an addition level of about 
0 2% based on the pulp fiber in the entire tissue web. The basis weight of the tissue web 
1 5 was approximately 7.0 pounds per 2880 square feet of oven dried tissue web. 

Referring to the Figure 3 the tissue web was formed using a 2-layer headbox 
between an Albany P-621 forming fabric commercially available from Albany International 
Corp., located in Menasha, Wl, and a conventional wet press papermaking (or carrier) felt 
20 (Weavex M1 C commercially available from Weavex located in Wake Forest, N.C.) which 
wraps at least partially about a forming roll and a press roll. The basis weight of the tissue 
web was about 7.0 pounds per 2880 square feet of oven dried tissue web. 

The tissue web was then transferred from the papermaking felt to the Yankee 
25 dryer by the vacuum press roll. The water content of the tissue web on the papermaking 
felt just prior to transfer of the tissue web to the Yankee dryer was about 87 percent. The 
moisture content of the tissue web after the application of the press roll was about 55 
percent. An adhesive mixture was sprayed using a spray boom onto the surface of the 
Yankee dryer just before the application of the tissue web by the press roll. The adhesive 
30 mixture consisted of about 40% polyvinyl alcohol, about 40% polyamide resin and about 
20% quatemized polyamido amine as disclosed in U.S. Pat. No. 5,730,839 issued to 
Wendt et al. which is herein incorporated by reference. The application rate of the 
adhesive mixture was about 5.5 pounds of dry adhesive per tonne of dry pulp fiber in the 
tissue web. A natural gas heated hood (not shown) partially surrounding the Yankee 
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dryer had a supply air temperature of about 680 °F to assist in drying the tissue web. The 
temperature of the tissue web after the application of the creping doctor was about 240 °F 
as; measured with a handheld infrared temperature gun. The machine speed of the 24 
inch wide tissue web was about 3000 feet per minute. The crepe ratio was about 1 .30 or 
5 about 30%. 

Two tissue webs were unwound from two soft rolls (or parent rolls) and plied 
together and calendered with two steel rolls at 80 pounds per lineal inch. The 2-ply tissue 
product was constructed such that the first stock layer containing the chemically treated 

10 Eucalyptus pulp fiber was plied to the outside of the 2-ply tissue product, which was 
wound onto a hard roll. The hard roll is converted into finished product, such as facial 
tissue and the like. The finished basis weight of the 2-ply tissue product at standard 
TAPPI standard temperature and humidity was about 17 pounds per 2880 square feet 
The MD tensile was about 1 100 grams per 3 inches and the CD tensile was about 500 

15 grams per 3 inches. The thickness of one 2-ply tissue product was about 0.2 millimeters. 
The MD stretch in the finished tissue product was about 18 percent. All 2-ply tissue tests 
were conducted in an environmentally controlled room with 50% relative humidity and a 
temperature of 73 °F. 



20 

Example 16 

Identical to Example 15 with the exception that chemically treated eucalyptus pulp 
in Example 8 was used to produce a layered soft tissue product. 

25 

While the invention has been described in conjunction with specific embodiments, 
it is to be understood that many alternatives, modifications and variations will be apparent 
to those skilled in the art in light of the foregoing description. Accordingly, this invention is 
intended to embrace all such alternatives, modifications and variations which fall within 
30 the spirit and scope of the appended claims. 
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We claim: 

1 . A method for preparing chemically treated pulp fiber comprising: 

a) creating a fiber slurry comprising process water and puip fibers; 

b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 
machine and forming a wet fibrous web; 

c) drying said wet fibrous web to a predetermined consistency thereby 
forming a dried fibrous web; and, 

d) treating said dried fibrous web with a chemical additive thereby forming a 
chemically treated dried fibrous web containing chemically treated puip fibers; 
wherein said chemically treated pulp fibers retain from between about 10 to about 100 
percent of applied amount of said chemical additive when said chemically treated pulp 
fibers are redispersed in water. 

2. The method of Claim 1 , further comprising transporting said chemically treated 
dried fibrous web to a paper machine and mixing said chemically treated dried fibrous web 
with water to form a chemically treated pulp fiber slurry, wherein said chemically treated 
pulp fiber slurry containing said chemically treated pulp fibers having said chemical 
additive retained thereby. 

3. The method of Claim 1 , wherein said dried chemically treated fibrous web includes 
a gradient of said chemical additive. 

4. The method of Claim 1 , further comprising dewatering said wet fibrous web 
thereby forming said dewatered fibrous web. 

5. The method of Claim 4, further comprising drying said dewatered fibrous web 
thereby forming said dried fibrous web. 

6. The method of Claim 5, wherein said chemically treated dewatered fibrous web 
includes a gradient of said chemical additive. 
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7. The method of Claim 2, further comprising producing a finished paper or tissue 
product having enhanced quality due to the retention of said chemical additive by said 

5 pulp fibers. 

8. The method of Claim 1 , 2, or 7, wherein said chemical additive is selected from the 
group comprising softening agents, dry strength agents, wet strength agents, opacifying 
agents, dyes, debonding agents, adsorbency agents, sizing agents, optical brighteners, 

1 0 chemical tracers, and mixtures thereof. 

9- The method of Claim 1 , 2, or 7, wherein said softener is selected from the group 
consisting of quaternary ammonium compounds, quaternized protein compounds, 
phospholipids, silicone quaternaries, quaternized, hydrolyzed wheat protein/dimethicone 
15 phosphocopolyol copolymer, organoreactive polysiloxanes, polyhydroxy compounds, and 
silicone gylcols. 

1 0. The method of Claim 1 , 2, or 7, wherein said chemical additive is a softener. 

20 11. The method of Claim 1 , 2, or 7, wherein said chemical additive is an absorbency 
agent. 

12. The method of Claim 1 , 2, or 7, wherein said chemical additive is a wet strength 
agent. 

25 

1 3. The method of Claim 1 , 2, or 7, wherein said chemical additive is a dry strength 
agent. 

1 4. The method of Claim 1 , further comprising creating a chemically treated pulp fiber 
30 slurry by redispersing said chemically treated dried fibrous yveb in water. 
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• 1 8. The method of Claim 1 , wherein said chemical additive is applied to said dried 
fil^>us web in an amount of at least about 0.1 kilograms per metric ton or greater. 

16. The method of Claim 1 , wherein said dried fibrous web has a consistency ranging 

If 

5 frofn about 65 percent to about 100 percent. 

I 

1 7- The method of Claim 1 , wherein said dried fibrous web has a consistency ranging 
from about 85 percent to about 95 percent. 

10 18. The method of Claim 1, wherein sufficient residence time is provided after said 
chemical additive is applied to said dried fibrous web to allow for retention of said 
chemical additive by said pulp fiber of said dried fibrous web. 

19. The method of Claim 1 , further comprising forming a paper or tissue product from 
1 5 satid chemically treated dried fibrous web 

20. A paper or tissue product made using the method of Claim 1 . 

21 . The paper or tissue product of Claim 20, wherein the amount of said chemical 
additive applied to said dried fibrous web is about 0.1 kilogram per metric ton or greater. 

20 

22. A method for applying a chemical additive to pulp fiber, said method- comprising: 

a) mixing pulp fibers with process water to form a fiber slurry; 

b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 
machine and forming a wet fibrous web; 

25 c) dewatering said wet fibrous web to a predetermined consistency thereby 

forming a dewatered fibrous web; and, 

d) applying a chemical additive to said dewatered fibrous web thereby forming 
a chemically treated dewatered fibrous web of chemically treated pulp fibers wherein said 
chemically treated pulp fibers retain from between about 10 to about 100 percent of 
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applied amount of said chemical additive when said chemically treated pulp fibers are 
redispersed in water. 

23. The method of Claim 22, further comprising transporting said chemically treated 

5 dewatered fibrous web to a paper machine and mixing said dried fibrous web with water 
thereby forming a chemically treated pulp fiber slurry, wherein said chemically treated pulp 

i 

slurry containing chemically treated pulp fibers having said chemical additive retained 
thereby. 

10 24. The method of Claim 22, wherein said chemically treated dried fibrous web 
includes a gradient of said chemical additive. 

25. The method of Claim 22, further comprising drying said chemically treated 

dewatered fibrous web to a predetermined consistency thereby forming a chemically 
1 5 treated dried fibrous web. 

26. The method of Claim 25, wherein said chemically treated dewatered fibrous web 
includes a gradient of said chemical additive. 

20 27. The method of Claim 25, further comprising transporting said chemically treated 

dried fibrous web to a paper machine and mixing said dried fibrous web with water 
thereby forming a chemically treated pulp fiber slurry, wherein said chemically treated pulp 
slurry containing chemically treated pulp fibers having said chemical additive retained 
thereby. 

25 

28. The method of Claim 27, further comprising transporting said chemically treated 

pulp fiber slurry through said paper machine to form a finished paper or tissue product 
having enhanced quality due to the retention of said chemical additive by said chemically 
treated pulp fibers. 
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29. The method of Claim 27, wherein the amount of said chemical additive retained by 
said chemically treated pulp fibers is about 0.1 kilogram per metric ton or greater, and the 
amount of unretained said chemical additive in said water is between 0 and about 50 
percent of the applied amount of said chemical additive retained by said chemically 

5 treated dewatered fibrous web when said chemically treated pulp fibers are redispersed in 
water. 

30. The method of Claim 22, wherein the amount of said chemical additive applied to 
said dewatered fibrous web is about 1 kilograms per metric ton or greater. 

10 

31 . The method of Claim 22, wherein the amount of said chemical additive applied to 
said dewatered fibrous web is about 3 kilograms per metric ton or greater. 

32. The method of Claim 22, wherein the amount of said chemical additive applied to 
1 5 said dewatered fibrous web is about 5 kilograms per metric ton or greater. 

33. The method of Claim 22, wherein said chemical additive is selected from the group 
comprising softening agents, dry strength agents, wet strength agents, opacifying agents, 
dyes, debonding agents, absorbency agents, sizing agents, optica! brighteners, chemical 

20 tracers, and mixtures thereof. 

34. A paper or tissue product made from said chemically treated pulp fiber slurry of 
Claim 22. 

35. A method for applying a chemical additive to pulp fiber, said method comprising: 
25 a) creating a fiber slurry comprising process water and pulp fibers; 

b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 
machine and forming a wet fibrous web; 

c) dewatering said wet fibrous web to a predetermined consistency thereby 
forming a dewatered fibrous web; 
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d) applying a first chemical additive to said dewatered fibrous web thereby 
forcing a chemically treated dewatered fibrous web of chemically treated pulp fibers 
wliferein said chemically treated pulp fibers retain from between about 10 to about 100 
pefcent of applied amount of said first chemical additive when said chemically treated pulp 

5 fibers are redispersed in water; 

e) applying a second chemical additive to said chemically treated dewatered 
fibrous web, wherein said chemically treated dewatered fibrous web contains said 
chemically treated pulp fibers wherein said chemically treated pulp fibers retain from 
between about 10 to about 100 percent of applied amount of said second chemical 

10 additive when said chemically treated pulp fibers are redispersed in water; and, 

f) drying said chemically treated dewatered fibrous web to a predetermined 
consistency thereby forming a chemically treated dried fibrous web wherein said 
chemically treated pulp fibers retain from between about 10 to about 100 percent of 
applied amount of at least each of said first and second chemical additives when said 

15 chemically treated pulp fibers are redispersed in water. 

36. The method of Claim 35, further comprising transporting said chemically treated 
drjed fibrous web to a paper machine and mixing said chemically treated dried fibrous web 
with water to form a chemically treated pulp fiber slurry, wherein said chemically treated 
20 pulp fiber slurry contains chemically treated pulp fibers having said first and second 
chemical additive retained thereby. 

37. . The method of Claim 35, wherein said chemically treated dewatered fibrous web 
includes a gradient of said first chemical additive. 

25 

38. The method of Claim 35, wherein said chemically treated dried fibrous web 
includes a gradient of said first chemical additive. 

39. The method of Claim 35, wherein said chemically treated dewatered fibrous web 
30 includes a gradient of said second chemical additive. 
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40. The method of Claim 35, wherein said chemically treated dried fibrous web 

inludes a gradient of said second chemical additive. 

1 

1 • 

1 

4§ . The method of Claim 36, further comprising producing a finished paper or tissue 
5 product having enhanced quality due to the retention of said first and second chemical 
additives by said chemically treated pulp fibers. 

42. The method of Claim 35, 36, or 41 , wherein said first chemical additive is selected 
from the group comprising softening agents, dry strength agents, wet strength agents, 

10 opacifying agents, dyes, debonding agents, absorbency agents, sizing agents, optical 
brighteners, chemical tracers, and mixtures thereof. 

43. The method of Claim 42, wherein said softening agent is selected from the group 
consisting of quaternary ammonium compounds, quaternized protein compounds, 

1 5 phospholipids, silicone quaternaries, quaternized, hydrolyzed wheat protein/dimethicone 
phosphocopolyol copolymer, organoreactive polysiloxanes, polyhydroxy compounds, and 
silicone gylcols. 

44. The method of Claim 35, 36, or 41 , wherein said second chemical additive is 
20 selected from the group comprising softening agents, dry strength agents, wet strength 

agents, opacifying agents, dyes, debonding agents, absorbency agents, sizing agents, 
optical brighteners, chemical tracers, and mixtures thereof. 

45. The method of Claim 44, wherein said softening agent is selected from the group 
25 consisting of quaternary ammonium compounds, quaternized protein compounds, 

phospholipids, silicone quaternaries, quaternized, hydrolyzed wheat protein/dipiethicone 
phosphocopolyol copolymer, organoreactive polysiloxanes, polyhydroxy compounds, and 
silicone gylcols. 

30 46. The method of Claim 35, wherein said first and second chemical additives are 
applied to said dewatered fibrous web simultaneously. 
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41. The method of Claim 35, wherein said first chemical additive is applied to said 

deWatered fibrous web in an amount of about 0.1 kilograms per metric ton or greater. 

■ I 

1 

5 48. The method of Claim 35, wherein said second chemical additive is applied to said 
dewatered fibrous web in an amount of about 0.1 kilogram per metric ton or greater. 

49. The method of Claim 35, wherein said chemically treated dried fibrous web has a 
consistency ranging from about 65 percent to about 100 percent. 

10 

50. The method of Claim 35, wherein said chemically treated dried fibrous web has a 
consistency ranging from about 85 percent to about 95 percent. 

51 . The method of Claim 35, wherein sufficient residence time is provided after said 

15 first chemical additive is applied to said dewatered fibrous web to allow said first chemical 
additive to be retained by said chemically treated pulp fiber. 

52. The method of Claim 35, wherein sufficient residence time is provided after said 

second chemical additive is applied to said dewatered fibrous web to allow said second 
20 chemical additive to be retained by said chemically treated pulp fiber. 

53. A paper or tissue product made using the method of Claim 35. 

54. A method for applying chemical additives to pulp fiber, said method comprising: 

25 a) mixing pulp fibers with process water to form a fiber slurry; 

b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 
machine and forming a wet fibrous web; 

c) dewatering said wet fibrous web to a predetermined consistency thereby 
forming a dewatered fibrous web; 

30 d) drying said dewatered fibrous web to a predetermined consistency thereby 

forming a dried fibrous web; and, 
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e) applying a first chemical additive to said dried fibrous web and applying a 
second chemical additive to said dried fibrous web thereby forming a chemically treated 
dried fibrous web containing chemically treated pulp fibers wherein said chemically treated 
pulp fibers retain from between about 10 to about 100 percent of applied amount of at 
5 least each of said applied first and second chemical additives when said chemically 
treated pulp fibers are redispersed in water. 

55. The method of Claim 54, wherein said chemically treated dewatered fibrous web 
includes a gradient of said second chemical additive. 

10 

56. The method of Claim 54, wherein said chemically treated dried fibrous web 
includes a gradient of said second chemical additive. 

57. The method of Claim 54, further comprising transporting said chemically treated 

15 dried fibrous web to a paper machine and mixing said chemically treated dried fibrous web 
with water to form a chemically treated pulp fiber slurry, said chemically treated pulp fiber 
slurry containing chemically treated pulp fibers having at least said first and second 
chemical additives retained thereby. 

20 58. The method of Claim 54, further comprising transporting said chemically treated 

pulp fiber slurry through said paper machine to form a finished paper or tissue product 
having enhanced quality due to the retention of at least said first and second chemical 
additives by said chemically treated pulp fibers. 

25 59 . The method of Claim 57, wherein the amount of said first chemical additive 

retained by said chemically treated pulp fibers of said chemically treated dried fibrous web 
is about 0.1 kilogram per metric ton or greater, and the amount of unretained said first 
chemical additive in said water is between 0 and about 90 percent of the applied amount 
of said first chemical additive when said chemically treated pulp fibers are redispersed in 
30 water. 
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60. The method of Claim 57, wherein the amount of said second chemical additive 

retained by said chemically treated pulp fibers is about 0.1 kilogram per metric ton or 
greater, and the amount of unretained said second chemical additive in said water is 
between 0 and about 90 percent of the applied amount of said second chemical additive 
5 when said chemically treated pulp fibers are redispersed in water. 

61 . The method of Claim 57, wherein the amount of said first chemical additive 

retained by said chemically treated pulp fibers is about 0.1 kilograms per metric ton or 
greater, and the amount of unretained said first chemical additive in said water is between 

10 0 and about 90 percent of the applied amount of said first chemical additive when said 
chemically treated pulp fibers are redispersed in water and wherein the amount of said 
second chemical additive retained to said pulp fibers is about 0.1 kilogram per metric ton 
or greater, and the amount of unretained said second chemical additive in said water is 
between 0 and about 90 percent of the applied amount of said second chemical additive 

1 5 when said chemically treated pulp fibers are redispersed in water. 

62. A paper or tissue product made using the method of Claim 54. 



63 . A method for adding at least a first chemical additive to pulp fiber, said method 
20 comprising: 

a) mixing pulp fibers with process water thereby forming a fiber slurry; 

b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 
machine; 

c) dewatering said fiber slurry thereby forming a crumb pulp; and, 

25 d) applying at least a first chemical additive to said crumb pulp thereby 

forming a chemically treated crumb pulp containing chemically treated pulp fibers; 
wherein said chemically treated pulp fibers retain from between about 10 to about 100 
percent of applied amount of said chemical additive when said chemically treated pulp 
fibers are redispersed in water. 



30 



64. The method of Claim 63, further comprising transporting said chemically treated 
crumb pulp to a paper machine and mixing said chemically treated crumb pulp with water 
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to form a chemically treated pulp fiber slurry, wherein said chemically treated pulp fiber 
slurry contains chemically treated pulp fibers having at least said first chemical additive 
retained thereby. 

5 65. The method of Claim 64, further comprising transporting said chemically treated 

pulp fiber slurry through said paper machine to form a finished paper or tissue product 
having enhanced quality due to the retention of at least said first chemical additive by said 
chemically treated pulp fibers. 

10 66. The method of Claim 63, further comprising applying a second chemical additive to 
said chemically treated crumb pulp. 

67. A method for applying chemical additives to pulp fiber, said method comprising: 

a) mixing pulp fibers with process water to form a fiber slurry; 
15 b) transporting said fiber slurry to a web-forming apparatus of a pulp sheet 

machine and forming a wet fibrous web; 

c) dewatering said wet fibrous web to a predetermined consistency thereby 
forming a dewatered fibrous web; 

d) applying a first chemical additive to said dried fibrous web to said 

20 dewatered fibrous web thereby forming a chemically treated dewatered fibrous web; 

e) drying said chemically treated dewatered fibrous web to a predetermined 
consistency thereby forming a dried fibrous web; and, 

f) applying a second chemical additive to said dried fibrous web thereby 
forming a chemically treated dried fibrous web containing chemically treated pulp fibers; 

25 wherein said chemically treated pulp fibers retain from between about 10 to about 100 
percent of applied amount of at least each of said first and second chemical additives 
when said chemically treated pulp fibers are redispersed in water. 

68. The method of Claim 67, wherein said chemically treated dewatered fibrous web 
30 includes a gradient of said first chemical additive. 
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69. The method of Claim 67, wherein said chemically treated dried fibrous web 
Includes a gradient of said first chemical additive. 

70. The method of Claim 67, wherein said chemically treated dried fibrous web 
5 includes a gradient of said second chemical additive. 

71 . The method of Claim 67, further comprising transporting said chemically treated 

dried fibrous web to a paper machine and mixing said chemically treated dried fibrous web 
with water to form a chemically treated pulp fiber slurry, said chemically treated pulp fiber 
10 slurry containing chemically treated pulp fibers having at least said first and second 
chemical additives retained thereby. 

72- The method of Claim 67, further comprising transporting said chemically treated 

pulp fiber slurry through said paper machine to form a finished paper or tissue product 
15 having enhanced quality due to the retention of at least said first and second chemical 
additives by said chemically treated pulp fibers. 

73. The method of Claim 71 , wherein the amount of said first chemical additive 
retained by said chemically treated pulp fibers of said chemically treated dried fibrous web 
20 is about 0.1 kilogram per metric ton or greater, and the amount of unretained said first 
chemical additive in said water is between 0 and about 90 percent of the applied amount 
of said first chemical additive when said chemically treated pulp fibers are redispersed in 
water. 

25 74. The method of Claim 71 , wherein the amount of said second chemical additive 

retained by said chemically treated pulp fibers is about 0.1 kilogram per metric ton or 
greater, and the amount of unretained said second chemical additive in said water is 
between 0 and about 90 percent of the applied amount of said second chemical additive 
when said chemically treated pulp fibers are redispersed in water. 

30 
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75. The method of Claim 71 , wherein the amount of said first chemical additive 

retained by said chemically treated pulp fibers is about 0.1 kilograms per metric ton or 
greater, and the amount of unretained said first chemical additive in said water is between 
0 and about 90 percent of the applied amount of said first chemical additive when said 
5 chemically treated pulp fibers are redispersed in water and wherein the amount of said 
second chemical additive retained by said chemically treated pulp fibers is about 0.1 
kilogram per metric ton or greater, and the amount of unretained said second chemical 
additive in said water is between 0 and about 90 percent of the applied amount of said 
second chemical additive when said chemically treated pulp fibers are redispersed in 
10 water. 

76. A paper or tissue product made using the method of Claim 76. 
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